Primary sclerosing cholangitis (PSC) is a cholestatic liver disorder frequently associated with ulcerative colitis (UC). Patients with PSC and UC have higher risk of colorectal neoplasia than patients with UC without PSC. Oncogenic properties of micro RNA 346 (miR-346) have been recently reported. In this study we investigated expressions of miR-346 and its two target genes i.e. the receptor of vitamin D (VDR) and the tumor necrosis factor α (TNF-α), which are known to modulate carcinogenesis. Biopsies from ascending and sigmoid colon were obtained from patients with PSC with and without UC, patients with UC and healthy controls. MiR-346 expression was increased in ascending but not sigmoid colon of patients with PSC and UC when compared to other analyzed groups (p<0.001 for all). In patients with UC an exceptionally low colonic expression of miRNA-346 was accompanied by the increase in VDR expression, and the extensive upregulation of TNF-α gene which protein product is known to be cytotoxic to tumor cells at high concentration. In summary, a substantial upregulation of miRNA-346 in ascending colon of patients with PSC and UC may be responsible for the inhibition of VDR and TNF-α signaling -pathway which may result in an inadequate suppression of neoplasia.
Introduction
Primary sclerosing cholangitis (PSC) is a chronic biliary disorder with a complex etiology characterized by a progressive destruction of biliary tract and consequently the liver through the mechanisms of autoimmunity and cholestasis. PSC mainly affects men and is commonly accompanied by inflammatory bowel diseases (IBD), predominantly ulcerative colitis (UC) [1] .
Typically PSC exhibits an impaired hepatic excretion of bile acids (BA), which may be associated with elevated levels of fecal secondary BAs, mostly deoxycholic (DCA) and lithocolic acids (LCA) which were found to be positively associated colonic carcinomas [2] [3] [4] [5] . Patients with PSC have an increased risk of developing primary bile duct cancer [6] and colorectal cancer (CRC) [7] . The risk of CRC development in PSC patients with concurrent IBD was found to be 14% at 10 years and 31% at 20 years, compared to a steady risk of 2.3% in patients without concurrent IBD [8] , whereas in UC the overall prevalence of CRC patient is 3.7% [9] . Moreover, in the majority of IBD-PSC patients, who developed CRC, tumors are located in the right-sided colon in contrast to patients with sole IBD, what may suggest the differences in pathogenesis of CRC in these two groups of patients [4, 8, 10, 11] .
Recently, the mechanism of CRC tumorigenesis has been linked with the area of microRNAs (miRNAs) [12] . MicroRNAs are a group of naturally occurring small non-coding RNA 18-25 nucleotides that are critical epigenomic regulators of gene expression and act either by translational repression or transcript degradation. Alterations in intracellular miRNAs were observed in numerous diseases including carcinoma. MiRNAs may possess eitheran tumorsuppressive or oncogenic activity depending on target genes [13] [14] [15] . Recently, miR-346 has been reported as oncogenic miRNAs (oncomiRs) in numerous cancers including prostate, lung breast and liver [16] [17] [18] [19] [20] [21] but interestingly, not in colorectal neoplasia. Intriguingly, the level of miRNA-346 is consistently downregulated in the mucosal tissue of quiescent as well as active UC in comparison to healthy controls [22, 23] .
MicroRNA-346 inhibits, among other target genes, the expression of vitamin D receptor (VDR) via direct binding to a conserved target site within 3′UTR of VDR transcript [24] . VDR has two diverse biological roles, i.e. in calcium homesostasis and the autocrine-paracrine regulation of cell proliferation and differentiation. Antiproliferative effects of VDR have been demonstrated in a wide variety of cancer cell lines. Several lines of evidence suggest that VDR activation, which induces expression of cycle inhibitor p27(kip1), may be defensive against cancer [25, 26] and low levels of vitamin D have been associated both with cancer and altered immune response [27] [28] [29] . Vitamin D down-regulates multiple signaling and metabolic pathways that are critical for T-cell activation and differentiation into pathogenic Th1 and Th17 subsets [30] . A reduction in epithelial VDR was suggested to affect the gut mucosal barrier and contributes to the development of IBD [31] . Moreover, the role of vitamin D in immune-mediated diseases appears to be closely associated with bacterial metabolism and chronic dysbiosis may trigger VDR dysfunction [25] . Tumor necrosis factor alpha (TNF-α) is a pro-inflammatory cytokine and key player in the pathogenesis of many inflammatory and autoimmune diseases. Recently, it was reported that miR-346 can indirectly modulate TNF-α expression either by inhibition of Bruton's tyrosine kinase (Btk) expression which is required for TNF-α production [32] , or by inducing tristetraprolin, which destabilizes TNF-α trascript [33] .
Given that patients with PSC have an increased risk of the colorectal neoplasia in comparison to healthy subjects and UC patients, we investigated the expression of miR-346 and its two target genes including VDR and TNF-α in human colonic biopsies of patients with PSC or with UC.
Results
The substantial up-regulation of miR-346 expression was observed in the ascending colon of PSC-UC patients in comparison to all examined groups of patients (p=0.0008 vs.
controls; p=0001 vs. PSC; p=0.0001 vs. UC; Figure 1A ). In contrast, in PSC patients without concurrent UC the level of miRNA-346 was comparable to control values in the ascending colon ( Figure 1A) . On the contrary, in the sigmoid colon of PSC patients the expression of miRNA-346 was significantly increased (p=0.0001 vs. controls; p=0.0001 vs. PSC-UC; p=0.0001 vs. UC; Figure 1B) . Additionally, in patients with UC miRNA-346 expression was hardly detectable in both ascending and sigmoid colon (p=0.0001 vs. controls, and p=0.0001 vs. controls, respectively; Figure 1A, Figure 1E-F) . This substantial enhancement in TN-Fα expression was also evident in comparison to PSC and PSC-UC (Figure 1 E-F) . And thus, the relative level of TNF-α in ascending colon of UC patients was 8.5-fold greater than that in PSC (p=0.02) and 10-fold greater than that in PSC-UC (p=0.01, Figure 1E ). Similarly, in sigmoid colon TNF-α level was higher in UC than in PSC (17-fold increase, p=0.002), or in PSC-UC (8-fold increase, p=0.003; Figure 1F ).
In the ascending colon of PSC and PSC-UC patients there was a trend toward the increased expression of TNF-α mRNA (11-fold, p=0.08 vs. controls, and 10-fold, p=0.09 vs.
controls, respectively, Figure 1E ), but the level of this cytokine mRNA in the sigmoid colon was similar to control group values ( Figure 1F ).
In terms of VDR protein levels, both in ascending and sigmoid colon of PSC and PSC-UC patients there was a high variability between patients and overall mean values were similar to controls (Figure 1C-D) . On the other hand, in UC patients VDR protein expression was significantly increased in the sigmoid and ascending colon not only in comparison to controls (9.5-fold, p=0.0009, and 4.7-fold, p=0.0003, respectively), but also when compared to PSC (9- fold, p=0.001 and 2.5-fold, p=0.001, respectively), and to PSC-UC (6-fold, p=0.001, and 2. 
Discussion
The main finding of this study is a divergent expression of miR-346 in colonic tissues of patients PSC-UC in comparison to patients with UC alone. Another interesting observation is an inverse correlation between miR-346 and colonic TNF-α and VDR expressions.
Our study demonstrated the substantial increase in miR-346 expression in intestinal mucosa of PSC patients, but localizations of these changes were different depending on the part of the examined colon. Hence, in PSC-UC patients miR-346 was up-regulated in ascending colon while in PSC patient without concurrent UC the significant changes in miR-346 expression were observed in sigmoid colon. In PSC-UC patients increased levels of miRNA-346 were seen in the part of colon where secondary BAs concentrations are the highest. It is known, that right proximal ascending colon is the predilection site for development of colonic malignancies in patients with PSC-UC and these patients tend to have more progressive tumors than patients with IBD without concomitant PSC [4] . Of note, miRNA-346 was hardly detected in both ascending and sigmoid colon from UC patients. These results are in agreement with previous studies, where miRNA-346 expression in colonic biopsies was reported to be consistently downregulated in both quiescent as well as active UC in comparison to healthy controls [22, 23] .
Very low expression of miR-346 in both examined parts of colonic tissue of UC patients was associated with a very significant increase in the level of TNF-α. These data are consistent with previous reports which showed independently either diminished expressions of miR-346 or increased levels of TNF-α in colons of patients with UC [22, 23, 34] . Some reports suggested, based on the animal and human data, that TNF-α promotes miR-346 expression [24] . However, in our study it was not the case, as we did not observe the induction of miR-346 in the presence of a very high level of TNF-α transcript. In contrast, in colonic tissues of PSC patients we demonstrated a negative association between miR-346 expression and TNF-α mRNA level.
This observation can be supported by the report showing that TNF-α secretion in activated macrophages is controlled by miR-346 [33] . Our study revealed a distinct profile of TNF-α mRNA expression in PSC versus UC patients. In sigmoid colon of PSC patients both with or without concomitant UC, the level of TNF-α mRNA were comparable to control values in contrast to UC patients where the expression of TNF-α was drastically increased. In ascending colon, the level of TNF-α mRNA was increased in all PSC patients (p=0.08 vs. control), however, it was too much lesser extent than in colonic mucosa of UC patients. TNF is a pleiotropic cytokine with dual roles in cancer biology as it has either pro-and anti-cancer activities [35] . This paradoxical roles depend on its local tissue concentration [36] hence TNF-α is cytotoxic to tumor cells at high level, while at low level it fuels tumor-promoting inflammation and angiogenesis. The responses mediated by TNF-α are transduced via type 1 (TNFR-1) and type 2 receptors. TNFR-1 has a death membrane domain and mediates apoptosis, but besides this, it triggers the transcription of NF-kB and c-Jun, which are involved in cell proliferation and growth [37] . Association between chronic inflammation and the risk of colorectal cancer remains controversial. Several recent meta-analyses showed no evidence of the association between circulation level of TNF-α and the risk of colorectal cancer [38, 39] .
Moreover, anti-TNF-α therapies for the treatment of IBD, which aim to reduce level of this cytokine, have been suggested to have some undesirable effects such as induction of malignancy [40] .
As the biological functions of miRNAs are known to be tissue specific and can be different under diverse pathophysiological conditions we examined the expression of another target of miR-346 i.e. VDR gene. Epithelial VDR signaling plays a critical role in maintaining the integrity of the mucosal epithelial barrier by suppressing inflammation-induced cells apoptosis [41] [42] [43] [44] [45] . The data on mucosal VDR expression in cholestatic patients are very limited.
The VDR is known to be involved in the phenotypic features of PSC either by an indirect impact on intestinal permeability, or a direct modulation of innate immunity. In our previous study [46] , we have demonstrated that the protein expressions of VDR decreased considerably in peripherial blood mononuclear cells and in livers of patients with PSC but its colonic expression was not investigated before. In this study we found that up-regulation of miR-346 in ascending colon of PSC-UC patients and in sigmoid colon of PSC patients was associated with reduction of VDR expression in comparison to UC patients. Additionally, we showed that very low expression of miRNA-346 in both parts of the colon of UC patients resulted in a substantial VDR induction. Down-regulation of VDR expression in a miR-346-dependent way was previously reported [24, 47] . Our observations are in contradiction to a conclusion presented by Chen et al. [24, 31] who hypothesized that inflammation characterized by an increased expression of pro-inflammatory cytokines (TNF-α and IL-1β) down-regulates VDR expression, and they noted that TNF-α can suppress VDR by about 50-60% in active UC lesions [31] . In contrast, we observed the significant up-regulation of VDR protein level in colonic mucosa of UC patients which was accompanied by the substantial increase in TNF-α expression, but was negatively correlated with miR-346 expression (Figure 3) .
In summary, the present study provides a novel insight into miRNA-346-depended modulation of TNF-α and VDR expression in the large intestine of PSC patients. The substantial upregulation of miRNA-346 in ascending colon of PSC-UC patients may be responsible for the inhibition of VDR and TNF-α signaling which may result in an inadequate suppression of neoplasia. Further investigation of the potential importance of colonic miRNA-346 in pathophysiological mechanisms of CRC development in patients with PSC are necessary to fully elucidate the role of this mRNA colonic carcinogenesis. 
Patients and Methods

Patients Characteristics
The study included 20 patients with PSC who underwent routine surveillance colonoscopies.
Based on histopathological evaluation they were divided into two groups: the PSC group who had never been diagnosed with concomitant IBD (n=10, 8 males/ 2 females; mean age:30 ± 9 years), and the PSC-UC group showing features of UC (n=10, 7 males/ 3 females; mean age:36 ± 17 years). Additionally, 10 patients with UC (UC, 2 males and 8 female; mean age, 43.4 ± 15 years) were included in the study. The control group comprised 10 subjects (8 males and 6 females; mean age, 50 ± 16 years) who underwent colonoscopies for various indications and showed neither macroscopic nor microscopic abnormalities in their colons ( Table 1) .
Clinical data were collected prior colonoscopy and tissue sampling. For molecular analysis, 3 biopsy specimens were obtained from ascending colon and from sigmoid colon. Each patient gave informed consent prior to participating in this study. 
Tissue specimen preparation
In preparation for future analyses, intestine tissue biopsies were (i) stored in RNA later for subsequent evaluation of mRNA expression (AM7021; Applied Biosystems, Carlsbad, CA, USA), (ii) fixed in neutral-buffered formalin for histological assessment, or (iii) immediately frozen in liquid nitrogen for proteomic examination.
RNA and miRNA Expression Analysis
Total RNA was isolated using RNeasy Mini kit (Qiagen, Hilden, Germany) and cDNA synthesis was carried out using Superscript II RT kit (Invitrogen, Carlbad, CA, USA) according to the protocol previously described [48] . Expressions of specific genes were measured by 7500 Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, USA) using human TaqMan (Applied Biosystems, USA) and relative amounts of transcripts were calculated using the 2−ΔΔCt formula.
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Statistics
The two-tailed Student's t-test was used to compare two groups; multiple groups' comparisons were performed with Fisher's exact test or ANOVA with the StatView Program (SAS Institute Inc., Cary, NC, USA). Correlation analyses were performed using the Spearman Rank method.
Results were considered statistically significant when p-values were <0.05. Data are displayed as mean and SEM if not indicated otherwise. 
Abbreviations
